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The observed spatial and spectral variations in the photon imaging of the Ag chain (Figs. 3C and 4B) are dominated by the LDOS of the Ag 10 chain, as described by Eq. 4, and coupling to the plasmons serves to strengthen the emitted light intensity. Because of the relative spatial uniformity of the initial state, the emitted light intensity is highlighted by the gradient of the final state, dYf dx . In (7) , the data led to the conclusion that light emission is caused by the coupling of the initial state ji〉 and final state jf 〉 via the IET process, 〈ijVj f 〉, where V is the interaction potential. In our experiment, it is refined by Fermi's golden rule, in which ji〉 and j f 〉 are connected by the momentum operator p, as 〈ijpj f 〉. This refinement and the association of V with p are not revealed by spectroscopy at discrete points as in (7) . The transition still goes through the same initial and final states, but the momentum operator in the matrix element gives rise to the seemingly surprising spatial images.
Although only results from Ag 10 are presented here, the correspondence between nodes and emission maxima was also observed for Ag 2 through Ag 9 . The wave functions for the particlein-a-box-like atomic chains are simple and exhibit distinct features in energy and space, most notably the nodal structures. By varying the bias voltage to control tunneling electrons and the radiative transition in inelastic tunneling, the STM is used to obtain spatially and spectrally resolved photon images that lead to direct visualization of Fermi's golden rule, one of the fundamental principles in quantum mechanics. In addition, these results reveal the basic mechanisms underlying optical phenomena at the nanoscale, where light fields with wavelengths much greater than the dimension of the radiator are enhanced by coupling to plasmons. The timing of the formation of the first solids in the solar system remains poorly constrained. Micrometer-scale, high-precision magnesium (Mg) isotopic analyses demonstrate that Earth, refractory inclusions, and chondrules from primitive meteorites formed from a reservoir in which short-lived aluminum-26 ( 26 Al) and Mg isotopes were homogeneously distributed at T10%. This level of homogeneity validates the use of 26 Al as a precise chronometer for early solar system events. High-precision chondrule 26 Al isochrons show that several distinct chondrule melting events took place from~1.2 million years (My) to~4 My after the first solids condensed from the solar nebula, with peaks between~1.5 and~3 My, and that chondrule precursors formed as early as 0:87 M odels of the evolution of the early solar system rely on knowledge of the precise time scales for the physical and chemical processes that occurred in the early accretion disk and led to the formation of calcium-aluminum-rich inclusions (CAIs) and chondrules, which are the building blocks of primitive meteorites (chondrites). Short-lived 26 Al [half-life (T 1/2 ) = 0.73 million years (My)] is possibly the most accurate chronometer for the first few million years of solar system history, provided that it was homogeneously distributed in the disk. Previous studies of various meteoritic components showed that 26 Al was widespread in the disk, but its level of homogeneity has never been quantified precisely. 26 Al isochrons in chondrules. We performed multicollection analyses of 24 Mg, 25 Mg, 26 Mg, and 27 Al using four Faraday cups (figs. S1 and S2) (13) . Because of their high precision, the present chondrule Al-Mg data can be compared to the growth curve calculated for Mg isotopes in the solar nebula, assuming a simple closed-system evolution (Fig. 2) Al ratio simply implies that the fraction of components having supra-canonical ratios within CAIs and chondrules precursors was less than~7%. Similarly, a variability of T0.004‰ for d 26 Mg* implies that the fraction of hibonite-type material was less than~0.1%. In such a homogeneous accretion disk, the composition of the Al-rich chondrule can be simply understood as the result of an earlier extraction of its precursors from the nebula followed by a protracted closed-system evolution until the last melting event. A closed-system evolution model based on the bulk 27 Al/ 24 Mg ratio of the Al-rich chon- (Fig. 2 ). This could have happened earlier if the precursors did not remain as a closed system for Al and Mg and if, for example, Mg was added to the precursors by condensation, as has been proposed for Al-rich chondrules (19) . For the ferromagnesian chondrules, which have 27 Al/ 24 Mg ratios close to the chondritic ratio (0.10 to 0.23 for our 13 chondrules), it is not possible to identify an early extraction of their precursors (for example, 1 My earlier) from the present data (with an error of T0.01 to T0.02‰ on d Al) 0 measured previously in 11 other Semarkona chondrules ( Fig. 3 and table S2) (8, 10, 12) ; the two most prominent peaks in the distribution are at 2.1 and 2.4 My. Four other episodes of chondrule formation at 1.9, 2.2, 2.6, and 4.3 My can be tentatively identified considering all the available data for UOCs and CCs (Fig. 3 and table S2) (4-7, 9, 11) . A Kolmogorov-Smirnov statistical test applied to these distributions confirms that the differences shown in Fig. 3 are statistically significant: The probability for the age distributions to be different between UOC and CC chondrules is 99%. In addition, even with only 25 chondrules, the age distribution of Semarkona chondrules is statistically the same as that of UOC chondrules (82%). Available Pb-Pb ages [from 0.6 (T1.6) My to 5.8 (T1.0) My after CAIs] (20-23) are consistent with 26 Al ages but not sufficiently precise to identify specific episodes of chondrule formation. The possible existence of a limited number of melting events over a few million years is a fundamental constraint to consider in models of chondrule formation.
The large scatter in the age distribution of chondrules (Fig. 3) -with~10% of all chondrules formed between 0 and 1.5 My after CAIs, 40% formed between 1.5 and 2.1 My,~40% formed between 2.1 and 2.8 My, and~10% formed beyond 2.8 My after CAIs-can be interpreted in two opposite ways: (i) the peak intensities reflect different magnitudes of chondrule formation at specific times and thus the major episodes of chondrule formation (for UOCs and CCs) would have taken place~1.5 to~3 My after CAIs; or (ii) the variable peak intensities reflect the poor efficiency of chondrule preserva- (21) chondrules (dark and light green), depending on assumed age for CAIs (either 4567.2 T 0.6 My or 4568.5 T 0.5 My) (20, 22) . One sigma error bar is shown. Probability density tion in the accretion disk before the accretion of UOC and CC parent bodies. In the later scenario, chondrites would be enriched in chondrules formed shortly before accretion (which was constrained for H4 UOC at 26 Al/ 27 Al ≈ 2 × 10 −7 from the metamorphic cooling of the parent body) (24) . Although there is no evidence to favor one of these two extreme hypotheses over the other, it is obvious from the Al-rich chondrule that its precursors were extracted from the nebula~0:87 þ0:19 −0:16
My after CAIs and that they remained isolated in the nebula for up to~3 My before chondrule formation. The presence of chondrules of different origins and different ages in the same few cubic centimeters of Semarkona is consistent with astrophysical models of the disk. Radial mixing by turbulence can efficiently distribute solids within 10 astronomical units in several tens of thousands of years, as long as these solids are small (millimeter or centimeter size) and are coupled to the gas (25) , but the rate of destruction of these solids by accretion either by the Sun or by forming planetesimals is unknown. The observed age distribution (Fig. 3) does not exclude an early intense period (~1 My after CAIs or even before) of chondrule formation (or extraction of chondrule precursors), as was suggested by high 26 Al/ 27 Al inferred from bulk analyses of chondrules (26) (27) (28) .
Our results imply the following: (i) that 26 Al was efficiently homogenized (within~T10%) in the inner solar system, (ii) that no substantial ) was produced in the disk after time "zero" as defined by the bulk isochron of CAIs, and (iii) that the 26 Al- 26 Mg systematic has a chronological signification. Nebular models do predict an efficient homogenization of 26 Al at~T10% in the case of an external seeding of the accretion disk with 26 Al injected by a nearby supernova (29) . In the case of the production of 26 Al by irradiation, it is not clear that such a level of homogeneity can be reached, unless most of the irradiated material is evaporated before time zero.
